OBJECTIVE: We sought to determine whether the utilization of a respiratory therapist (RT) driven mechanical ventilation weaning protocol is associated with improvement in clinical outcomes in subjects with simple versus difficult weaning. METHODS: This was a retrospective analysis of prospectively collected data obtained during a quality improvement project. We collected data on 803 consecutive mechanically ventilated patients admitted to the ICU of an academic tertiary care hospital. We compared an RT-driven weaning protocol to a physician-driven weaning strategy. RESULTS: Of the 803 patients, 651 with simple weaning and 131 with difficult weaning were included in the analysis. In the subjects with simple weaning, 514 (79%) were weaned with the RT-driven protocol. Among the difficult weaning subjects, 101(77.1%) were liberated with the RT-driven protocol. A multivariate analysis, which included Acute Physiology and Chronic Health Evaluation II, body mass index, and type of primary ICU team under which the subjects were admitted, revealed a significant difference in ventilator-free days at 28-days, which supports the RT-driven protocol over the physician-driven strategy. Specifically, the RT-driven protocol increased ventilator-free days by 20.92% and 68.2% among subjects with simple and difficult weaning, respectively. A multivariate analysis of ICU mortality and extubation failure found no significant difference between the RT-driven protocol and the physician-driven strategy. CONCLUSIONS: The RT-driven weaning protocol increased ventilator-free days among subjects with simple and difficult weaning, with no significant differences in ICU mortality or extubation failure.
Introduction
The process of mechanical ventilation discontinuation consists of a systematic number of steps, which involve screening patients for reversal of the underlying cause of respiratory failure, spontaneous breathing trial (SBT), and assessment of airway patency. Over the last few years, need of standardization of best-care-practices, the evaluation and application of respiratory care protocols have dramatically expanded. Particularly, mechanical ventilation weaning protocols have been studied since 1989, 2 and the number of publications has grown ever since. 3 In fact, based on a survey of directors of respiratory therapy departments, published in 2012, 96.2% of surveyed hospitals (n ϭ 663) responded that they relied on protocols for ventilator management. 4 Recently, an international task force on ventilator discontinuation recommended categorization of weaning patients into 3 groups: simple weaning, defined as successful liberation and extubation after the first SBT; difficult weaning, defined as patients who require up to 3 SBTs or as long as 7 days after the initial SBT attempt; and prolonged weaning, defined as the need of more than 3 SBTs or more than 7 days after the first SBT. 5 Despite clear evidence supporting the utilization of mechanical ventilation weaning protocols in clinical practice, many gaps in our understanding still remain. Specifically, how do ventilator protocols perform when applied to patients with simple weaning, compared with those in whom weaning is difficult or prolonged? In order to answer the aforementioned question, we assessed a consecutive series of mechanically ventilated patients admitted to the ICU at Creighton University Medical Center. These subjects underwent the process of weaning from the ventilator, based on a respiratory therapist (RT) driven weaning protocol or a physiciandriven weaning order. We aimed to compare the effect on clinical outcomes of a mechanical ventilation liberation protocol versus a physician-ordered weaning strategy, within groups of subjects with simple and difficult weaning.
Methods
In September 2011, Creighton University Medical Center adopted a mechanical ventilation weaning protocol (Table 1) . This protocol was approved based on prior evidence suggesting benefits of RT-driven weaning protocols, compared with physician-ordered weaning strategies. Hence, as an institutional policy, all patients in our mixed (medical, surgical, trauma, and neurologic) ICU started to be liberated from mechanical ventilation following the previously described protocol, unless the attending physician of the primary service opted out of protocol participation. The decision to opt-out was based on physician preference, physician comfort, and prior training. In order to assess the clinical effect of opting out from the protocol, we initiated a quality improvement project to assess whether this decision (opting out) was associated with worse clinical outcomes. This study was exempt from the Creighton University Medical Center institutional review board. From September 2011 to August 2012, a group of RTs initiated a prospective collection of data on every mechanically ventilated patient admitted to the ICU at Creighton University Medical Center. Demographic information, severity of disease based on the Acute Physiology and Chronic Health Evaluation II (APACHE II) score, diagnosis on ICU admission, type of primary ICU team (medical, surgical, trauma, neurologic), time on mechanical ventilation per intubation episode, weaning attempts per intubation episode, need for reintubation or noninvasive ventilation within 48 hours post-extubation, need for tracheostomy, and ICU mortality were prospectively collected on a daily basis.
In the present study we retrospectively reviewed the data to assess whether opting in versus opting out of a ventilator weaning protocol affected clinical outcomes in subjects with simple or difficult weaning. All subjects who were deemed ready for weaning underwent an SBT, after fulfilling certain parameters, as shown in Table 1 . We grouped the subjects according to number of weaning attempts: simple weaning (1 attempt), difficult weaning (2 or 3 attempts or up to 7 days after initial SBT), and prolonged weaning (Ͼ 3 attempts or Ͼ 7 d after the initial SBT). Patients with prolonged weaning were not included in the analysis, as many of them were transferred to longterm acute care facilities, precluding evaluation of outcomes. Within the simple weaning and difficult weaning groups, we divided the subjects based on whether the attending physicians opted in or out of the ventilator discontinuation protocol. Clinical outcomes were compared between those groups. Of note, subjects who were reintubated after 48 hours of extubation were considered independent subjects. The primary outcome of interest was ventilator-free days at 28 days. Secondary outcomes were extubation failure, defined as the need of reintubation or noninvasive ventilation within 48 hours after extubation, and ICU mortality. Furthermore, within each group (simple or difficult weaning) we assessed the outcomes mentioned above according to the type of primary ICU team
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Current knowledge
Protocol-based ventilator weaning with daily spontaneous breathing trials speeds ventilator discontinuation, compared to routine physician-ordered weaning.
What this paper contributes to our knowledge
A respiratory-therapist-driven protocol that included a weaning-readiness screening and spontaneous breathing trials increased ventilator-free days, compared to physician-directed weaning, both in simple-to-wean and difficult-to-wean patients, and with no difference in extubation-failure rate.
(medical, surgical, trauma, neurologic) the subjects were admitted to, and their severity on admission. Every subject who was opted in received sedation vacation in the morning, and the weaning protocol was initiated when the Richmond Agitation-Sedation Scale score was 0 to Ϫ2. In the opt-out group sedation vacation and weaning was per physician preference.
Statistical Methods
Within each group the subjects were stratified by whether the attending physician opted in or out of the ventilator discontinuation protocol. Continuous baseline demographic and clinical variables are presented as mean Ϯ standard deviation, whereas categorical variables are presented as number and percent. Univariate analyses were conducted separately for subjects within the simple and difficult weaning groups, and employed independent-samples t tests and Fisher exact tests for continuous and categorical variables, respectively.
We evaluated for differences between subjects whose physician opted in or out of the ventilator discontinuation protocol in both ventilator-free days and the ratio of ventilator-free days to stay after adjusting for APACHE II score, body mass index (BMI), and type of ICU. For both primary outcomes, multiple regression models were estimated separately within the simple and difficult weaning groups.
Two issues were encountered when modeling the data for the 2 primary outcomes. First, for ventilator-free days, severely negatively skewed residuals were observed within the analyses in both groups. Therefore, the number of ventilator-free days was reflected, so the value of the highest number of ventilator-free days became the lowest value, and vice versa. Reflecting the data resulted in distributions of residuals with severe positive skewness, which was accounted for by using a natural log transformation of the reflected ventilator-free day values. It is important to note that both reflecting the outcome data and using a natural log transformation substantially affect how regression es- Breathing frequency Ͼ 35 breaths/min S pO 2 Ͻ 90% Tidal volume Ͻ 5 mL/kg ideal body weight with pressure support Increase or decrease of heart rate or blood pressure by 20% from baseline Substantial agitation, anxiety, and/or diaphoresis If any of above signs is present, place the patient back on the previous ventilation settings and notify the physician. 3 Reevaluate in the morning. If the patient has none of the above signs of failure, proceed to assessment for extubation readiness. 4 Assessment for Extubation Readiness Adequate cough/gag reflex Minimal secretions (suctioning required no more often than every 2 hours) If the patient passes the assessment for extubation readiness, contact the physician on service responsible for ventilator management, to obtain the extubation order.
timates are interpreted. Specifically, using reflected data results in positive regression estimates being associated with decreases in ventilator-free days. Further, a natural log transformation produced regression estimates that are associated with changes in the natural log of ventilatorfree days. For example, using reflected and natural log transformed ventilator-free days, a regression estimate of ϩ2.0 would indicate that for every one-unit increase in the independent variable the natural log of ventilator-free days decreases by 2.0. Second, for the ratio of ventilator-free days to stay there was severe positive skewness, which was remedied by using a natural log transformation. This transformation also affected the interpretation: an increase in an independent variable resulted in an increase in the natural log of the ratio of ventilator-free days to stay. For all primary analyses, non-constant variance was indicated in residual values, which was accounted for using a technique described by MacKinnon and White. 6 For the secondary outcomes, multiple logistic regression analyses were employed to evaluate differences in both the probability of ICU death and extubation failure between subjects whose physicians opted in or out of the ventilator discontinuation protocol, after adjusting for APACHE II score, BMI, and type of ICU. No differences in ICU death could be evaluated within the difficult weaning group, as only one subject died.
For all the regression-type models, continuous predictors were centered near their mean. All analyses were conducted with statistics software (SAS 9.3, SAS Institute, Cary, North Carolina). P Ͻ .05 was considered statistically significant.
Results
Over the year post-implementation of the RT-driven ventilator weaning protocol, 803 patients were admitted and mechanically ventilated in our ICU. Of those patients, 651 (81.1%) required simple weaning, whereas 131 (16.3%) and 1 (0.1%) were difficult and prolonged weaning cases, respectively. Demographic information, APACHE II scores, and ICU type are shown in Table 1 . Among subjects who required simple weaning, 514 (79.0%) were weaned with the RT-driven protocol, whereas 137 (21.0%) were liberated from the ventilator by physician orders. In the group of subjects with difficult weaning, 101 (77.1%) * Simple opt-in n ϭ 175, simple opt-out n ϭ 38, difficult opt-in n ϭ 34, difficult opt-out n ϭ 13. † Simple opt-in n ϭ 98, simple opt-out n ϭ 48, difficult opt-in n ϭ 18, difficult opt-out n ϭ 8.
used the weaning protocol, whereas only 30 (22.9%) were weaned based on physician orders. Of these subjects, 49 (simple n ϭ 48, difficult n ϭ 1) died in the ICU, and an additional 14 were missing predictor variables (simple n ϭ 13, difficult n ϭ 1). Because the regression-type models used in this study consider only subjects with complete data, the sample sizes differed between the analyses. That is, a subject with missing data on any variable was excluded from analysis. Therefore, given the missing data, the primary analyses included 590 subjects in the simple weaning group and 129 subjects in the difficult weaning group, ICU death included 638 subjects (simple weaning group only), and extubation failure included 638 and 130 subjects for the simple and difficult weaning groups, respectively.
The results for number of ventilator-free days are presented in Table 3 . In the simple weaning group there was a statistically significant difference in the number of ventilator-free days between the opt-in and opt-out subjects.
After adjusting for APACHE II score, BMI, and ICU type, opting in was associated with a 20.9% increase in ventilator-free days, compared to the opt-out group (ie, ((1/ exp (Ϫ0.19)) Ϫ1) ϫ 100). As explained in the statistical methods section, the increase in ventilator-free days associated with a negative regression coefficient is a direct result of reflecting the ventilator-free days prior to analysis. A similar pattern of results was observed for the difficult weaning group: after adjusting for APACHE II score, BMI, and ICU type, opting-in was associated with a 68.2% increase in ventilator-free days, compared to opting out.
The results for the ratio of ventilator-free days to stay are presented in Table 4 . For the difficult weaning group there was a statistically significant difference in the ratio of ventilator-free days to stay between the opt-in and optout subjects. After adjusting for APACHE II score, BMI, and ICU type, opting in was associated with a 32.2% increase in this ratio, compared to opting out (ie, (1 Ϫexp (Ϫ0.39)) ϫ 100). For the simple weaning group, * P Ͻ .05. Because we natural log transformed the ratio, a 1-unit increase in any predictor variable is associated with a change in the natural log of the ratio.
opt-in or opt-out was not associated with a difference in the ratio. The results for ICU death and extubation failure are presented in Tables 5 and 6 . There were no statistically significant differences between the opt-in and opt-out subjects in the probability of death or extubation failure.
Discussion
The main findings of this study are:
• The ventilation liberation protocol increased ventilatorfree days, compared with the physician-driven strategy, in both the simple and difficult weaning groups, and after adjustment for severity of disease, BMI, and type of ICU.
• When the number of ventilator-free days was adjusted for the total number of hospital days, opting-out decreased the ventilator-free days in the difficult-to-wean subjects.
• There were no differences in ICU mortality or extubation failure between the opt-in and opt-out groups, in both the simple and difficult weaning groups.
To the best of our knowledge, this is the first study to compare an RT-driven weaning protocol to a physiciandriven strategy within groups of patients with different weaning complexity (simple and difficult). Prior studies on RT-driven weaning protocols did not specify whether the subjects were classified as simple, difficult, or prolonged weaning. Specifically, Ely and colleagues 7 studied 300 mechanically ventilated subjects in medical and coronary ICUs. After a daily screening by RTs and nurses, the intervention group underwent a 2-hour SBT with CPAP of 5 cm H 2 O, whereas the control group was liberated based on standard practice. Notably, the study revealed a reduction of duration of mechanical ventilation, reintubation rate, and costs with the SBT strategy. The following year, Kollef and colleagues 8 published a study comparing protocol-directed to physician-directed weaning. Three hundred fifty-seven subjects admitted to the medical and surgical ICUs were included. Subjects randomized to the protocol-directed strategy had a median ventilation dura- .75, respectively), but ICU mortality differed substantially, with ranges of 22-23%, 38 -40%, and 1-13%, respectively. These differences may be related to improvement in overall ICU care over the last 16 years, and further application of evidence-based bundles (eg, sepsis, low-tidal volume). Marelich and colleagues 9 randomized 335 subjects from medical and surgical ICUs to a 30-min SBT performed with either pressure support or T-piece, versus standard ICU care. The SBT subjects had shorter ventilation duration and a trend toward a reduced rate of ventilator-associated pneumonia. Interestingly, that study applied different weaning strategies, depending on whether the subject had been ventilated for more or less than 72 hours. Subjects ventilated less than 72 hours were liberated after an SBT, whereas those ventilated for Ͼ 72 hours were gradually weaned to specific goals and then underwent SBT. A more recent study by Krishnan and colleagues 10 found no differences in clinical outcomes between an RT-driven weaning protocol and a physician-driven strategy. Interestingly, the staffing model applied in their closed ICU might explain the lack of differences in outcomes. Particularly, the usual group had a staffing model with a physician-hour/bed/day of 9.5, compared with Ely 7 (3.5 h), Kollef 8 (4.0 h), Marelich 9 (4.7 h), and ours (Х 4.5 h), which had a lower physician-hour/bed ratio. Therefore, it is likely that the control group in the Krishnan study received higher intensity care than at most institutions.
Among studies that addressed weaning in organspecific ICUs, Navalesi and colleagues 11 randomized 318 subjects from a neurologic ICU to a liberation protocol consisting of a 1-hour SBT, versus usual care (physiciandriven strategy). There was a lower incidence of extubation failure (5% vs 12%, P ϭ .047) in the intervention group. Secondary outcomes, such as ventilation duration, ICU stay, rate of tracheostomy, and ICU mortality, were not different between groups.
Finally, a recent meta-analysis by Blackwood and colleagues, 12 which included 11 randomized-control trials (1,971 subjects), found weaning protocols were associated with a 25% reduction in the mean duration of mechanical ventilation (P ϭ .006), with the highest impact in surgical ICU subjects.
Our work adds to the current knowledge, as this is the first study that addresses the effect of a weaning protocol on subjects with different weaning classifications. We studied a large number of subjects (782), which is the largest number of weaning subjects considered in a weaning study.
Also, all subjects were admitted to one mixed ICU that uses the same protocols in all patients for all aspects of ICU care (eg, sepsis bundle, low-tidal volumes, glucose control). Therefore, it is unlikely that our results are due to heterogeneity in patient care. Despite the aforementioned strength, our study has several limitations. First, as we analyzed our data retrospectively, it is likely that we incurred selection and information biases. We did not collect the reasons why providers opted out of the protocol. It is possible that some of the opt-out subjects had contraindications to an RT-driven protocol (ie, need for deep sedation due to airway instability). Also there were imbalances in the distribution of subjects within the groups. For example, more post-cardiac-surgery subjects were included in the opt-in group, whereas post-abdominal-surgery subjects were most frequently opted out. These imbalances may have impacted our results, as post-cardiac-surgery subjects are on mechanical ventilation only briefly. 13, 14 Conversely, post-abdominal-surgery subjects are more likely to have complications 15 (eg, abdominal compartment syndrome, atelectasis) that prolong ventilation. By performing multivariate analysis we attempted to adjust based on type of ICU, but our analysis did not include adjustments within surgical ICU subjects. Finally, the approach to weaning in the physician-driven group may have been affected by behavioral factors. Providers within certain ICUs may have decided to wean subjects in a more conservative fashion, based on, for instance, their prior experiences or training.
Conclusions
In summary, our study demonstrated that an RT-driven weaning protocol increased ventilator-free days in both the simple and difficult weaning groups, and when adjusted for severity of disease, BMI, and type of ICU. The rate of extubation failure and ICU mortality were not affected by the weaning strategies within the groups.
